Introduction

F
or malignancies and lesions conventional magnetic resonance imaging techniques such as axial contrast enhancement T 1 weighted (T 1 W), axial T 2 weighted (T 2 W), and also axial fluid attenuated inversion recovery (FLAIR) are considered as the most common diagnostic choices, whereas a number of studies have been shown that diffusion weighted imaging (DWI) has opened new horizons on the differentiation of some brain tumors and provided additional information about microscopic motion of the water proton depending on the thermal energy of tissues [1] [2] [3] [4] [5] [6] [7] . According to many studies, tumors and lesions may have different apparent diffusion coefficient (ADC) maps, as a result of variations in the amount of water diffusivity, and using DWI Results: The mean (± SD) ADC value for ependymoma (1.2± 0.06 ×10 -3 mm 2 /s) was significantly higher than medulloblastoma (0.87 ± 0.02 ×10 -3 mm 2 /s) (p = 0.041). Moreover, the maximum ADC value of ependymoma was considerably different in comparison with medulloblastoma (1.4 ×10 -3 mm 2 /s and 0.96×10 -3 mm 2 /s, respectively; p = 0.035). Furthermore, the minimum ADC value of ependymoma was higher compared to medulloblastoma (1.0 ×10 -3 mm 2/ s and 0.61×10 -3 mm can be a good choice to differentiate similar lesions from each other [8] [9] [10] [11] . Several studies have demonstrated that the differentiation between some pediatric brain tumors such as ependymoma and medulloblastoma may be difficult with the stated conventional protocols in clinical situation [12, 13] . This study aimed to compare the ADC values of two different pediatric cerebellar tumors, namely ependymoma and medulloblastoma with the hypothesis that their ADC values may allow differentiation of the mentioned tumors on the diffusion weighted MR images.
Material and Methods
A. Patient Selection
The study was performed in the medical physics department of Isfahan University of Medical Sciences, Isfahan, Iran from 2011 to 2017. It is included 36 patients (21 males and 15 females) who referred from the Sayed Al Shohada hospital cancer center (Isfahan, Iran) to a medical image center. All of them (age range 4 to 9 years old) were suspected to have ependymoma and medulloblastoma according to their CT image findings.
B. MR Imaging
The MRI studies were performed using a 1. The DWI sequences were done according to Figure 1 . As illustrated in this Figure, two strong diffusion-sensitizing gradients (DG's) were exerted on both sides of the 180°-pulse. The DG pair did not affect the phase of the stationary spins since phase accumulation by the first gradient lobe was followed by the second one, as a reverse. However, diffusing spins were moved into different locations existed between the first and second lobes resulting in falling out of phase and losing signal. Instantly, an image acquisition module was played out following the second DG. This is typically an echo-planar sequence that generates multiple gradient echoes by rapidly oscillating phase and frequency gradients. In order to decrease the chemical shift artifacts, all commercial DWI sequences utilized suppression of some sorts of fat in the image.
Figure 1: Diagram of diffusion weighted MR imaging (DWI).
This can be a chemically-selective fat saturation pulse or a nonselective "STIR-like" inverting pulse applied immediately before the 90°-pulse. Alternatively, as another phenomenon, water protons were solely excited by a selectively tuned 90°-pulse. To suppress eddy currents and reduce spatial distortion, a second 180°-refocusing pulse was made just before beginning of the image acquisition module [14] [15] [16] . The used DWI was included a multi-section single shot spin echo EPI sequence (TR/TE: 4400/110 ms, NEX =1) with diffusion sensitivities of b values = 1000 s/ mm 2 . The diffusion gradients were applied sequentially in X, Y and Z directions. The slice thickness and inter-slice gap were 5 mm and 1 mm, respectively. The FOV was chosen 240 mm and the matrix size was 256× 256 for all images. The total acquisition time for each patient was 80 s.
The enhancing solid portion of stated lesions was identified on post-contrast T 1 W images and the matching ADC maps for each patient. Regions of interest (ROIs) were drawn in the ADC maps and the ADC values were calculated automatically by a MRI scanner software (were expressed in 10 -3 mm 2 /s) according to the following equation [14] [15] [16] :
Where, S is the diffusion-weighted signal, S0 is the signal intensity without the diffusion weighting, b is the diffusion sensitivity (b-value), and D is the diffusion coefficient (ADC value).
c. Statistical analysis
Mean values and standard deviations of the ADC values for ependymoma and medulloblastoma were calculated and statistical significance of the differences between them was evaluated. A computer software (SPSS version 16.0, Chicago, IL, USA) was used for statistical analysis. Data were analyzed using Wilcoxon test (Nonparametric version of paired samples T-test). All hypotheses were tested using a criterion level of P = 0.05.
Results
Figures 2 and 3 illustrate the post contrast enhanced T 1 W, and T 2 W images of the ependymoma and medulloblastoma. Figure 4 shows the ADC maps of the stated malignancies. Table 1 indicates the measured ADC values of different patients included in the study. Table 2 shows the maximum, mean and minimum ADC values of ependymoma and medulloblastoma. Figure 5 gives a comparison between the ADC ranges of tumors studied.
According to Table 2 , the mean (± SD) ADC value for ependymoma was 1.2± 0.06 ×10 Figure 5 ).
Discussion
Diffusion weighted imaging (DWI) is widely used to investigate cerebral lesions such as infarction, abscess, multiple sclerosis (MS) and also differentiate similar tumors and malignancies from each other [17] [18] [19] . Furthermore, it is a suitable protocol which can illustrate high quality images from tumors without using image contrast enhancement materials which are commonly used in conventional protocols such as T 1 W and T 2 W images. Therefore, the study was performed to measure the ADC values of two different pediatric tumors, including ependymoma and medulloblastoma illustrating similar clinical images in conventional techniques and also differentiating them from each other may be difficult in clinical situation. to the results, it was found that ADC values also clearly distinguished medulloblastoma from ependymoma in all patients without having any overlap. Based on the results, the maximum and mean ADC values of ependymoma were significantly different compared to medulloblastoma (p = 0.035 and p = 0.041, respectively). In addition, the minimum ADC value for ependymoma was higher than medulloblastoma while it was not significant (p = 0.067). This was seen due to higher water diffusivity of ependymoma in comparison with medulloblastoma that may lead to higher ADC values for ependymoma in comparison with medulloblastoma (14) (15) (16) 20) . Moreover, it is known that thermal energy can significantly affect the water movement (7, (9) (10) (11) . Therefore, it is considered that thermal energy of ependymoma may be higher than medulloblastoma which can make higher motion of the water proton in ependymoma in comparison with medulloblastoma.
Similar results have been reported in other studies. Mohamed (p = 0.0005) [22] . Fatma et al. reported that evaluation of ADC values for enhancing solid tumors is a simple and reliable method for preoperative differentiation of cerebellar tumors such as ependymoma and medulloblastoma in pediatric patients [23] which is in line with our finding. Recently Zitouni et al. have compared the ADC values of three different pediatric posterior fossa tumors, including JPA, ependymoma and medulloblastoma. In this study, they found ependymoma was differentiated from medulloblastoma with 100% of sensitivity and 88.89% of specificity using an ADC ratio ≤1.18 [24] . In the other study, Theodore et al. concluded that the addition of ADC values to standard film interpretation may improve the distinguish rate for the mentioned pediatric tumors [25] . Gauvain et al. reported that using ADC ratio (Tumor ADC: Normal brain ADC) could be a good choice to determine tumor classification [26] . As opposed to these results, Kotsenas et al. concluded that medulloblastoma showed a very hyperintense image on DWI and theorized that the attenuated cellularity of the malignancy may lead to the increased signal intensity. Moreover, it is mostly depended on relatively restricted diffusion [27] . In other study, Jaremko et al. founded that there were three overlap tumors, including a desmoplastic medulloblastoma, an anaplastic ependymoma and a JPA with restricted diffusion in its nodule [28] . Several studies have reported that increasing cellularity may cause signal intensity on DWI, and also hypo intensity on ADC maps of different malignancies to increase [29] [30] [31] [32] [33] [34] . According to findings of our study, ependymoma has significantly higher ADC values compared to medulloblastoma due to higher water proton movement and consequently higher water diffusivity.
Conclusion
In this study, the ADC values of two different pediatric malignancies, including ependymoma and medulloblastoma were measured.
Measurement of ADC values for studied tumors could be a suitable alternative to differentiate them from each other due to higher ADC value of ependymoma compared to medulloblastoma.
